ABSTRACT BIRNBAUM, JEROME (University of Cincinnati College of Medicine, Cincinnati, Ohio), AND 
demonstrated the presence of several vitamers of biotin, uncombinable with avidin, in the urine of many mammals. These vitamers, which they identified as miotin, tiotin, and a dicarboxylic acid derivative of biotini, were shown to be converted by growing cells of Saccharomyces cerevisiae into forms combinable with avidin which were inidistinguishable from biotin. More recently, Dhyse and Hertz (1958) detected a vitamer, uncombinable with avidin, in culture fluids of Escherichia coli K-12, which was capable of replacing biotin for the growth of S. cerevisiae, but ineffective for Lactobacillus arabinosus.
Employing the same assay system, Eisenberg (1963) demonstrated that an unknown vitamer, synthesized by cells of Phycomyces blakesleeanus, promoted growth of the yeast but not of the lactobacillus. Thus, vitamers of biotin may appear frequently in the medium of organisms capable of synthesizingf biotin, and are detected by means of a differential microbiological assay.
While studying the metabolism of biotin in L. arabinosus, a fastidious organism requiring several B vitamins in addition to biotin, it was observed that the recovery of the vitamin was low when assayed with the lactic organism. This finding suggested the possibility that biotin was converted by L. arabinosus to other forms of the vitamiii which were not utilizable for its own growth. In the present study, the yeastlactobacillus differential assay was emiployed to investigate further this unexpected phenomenon.
MATERIALS AND METHODS
Culture methods. L. arabinosus strain 17-5 (ATCC 8014) was maintained on APT agar (Case Labs, Chicago, Ill.) as a stab culture. For experimental work, the organism was grown in the medium of Wright and Skeggs (1944) containing 0.1 ,ug of biotin per ml and modified as follows: cysteine substituted for cystine, and folic acid added at 0.5 mg per liter to improve growth. The medium was adjusted to pH 6.8 and autoclaved at 121 C for 15 min, after which glucose was added aseptically. A 100-ml amount of medium in 250-ml Erlenmeyer flasks was inoculated with a washed-cell suspension of L. arabinosus equivalent to 0.4 mg (dry weight) (Eisenberg, 1963 (Wright, Cresson, and Driscoll, 1954; Waite and Wakil, 1963; Eisenberg, 1963) .
RESULTS
Conversion of biotin by growing cells. Initial experiments were designed to follow the distribution of biotin (1,000 X 10-4 ,ug/ml of medium) during the growth of L. arabinosus. It is clear that the per cent recovery of total biotin at both 24 and 48 hr was low when assayed with the lactic organism ( Conversion of biotin by nonproliferating cells. Attempts to prepare nonproliferating (resting) cell suspensions active in the conversion of biotin employed first 0.1 M acetate buffer (pH 4.5 to 5.0) containing 200 X 1O-gg of biotin per ml as substrate and 0.1 % glucose. Incubation was at 37 C for 6 hr. Acetate was chosen because it proved to be nontoxic to the cells and was found normally in Wright-Skeggs medium. The acid pH was selected since the conversion of biotin appeared in the late exponential phase when the pH of growth had dropped from 6.8 to about 4.5. Glucose was included as an energy source. However, cells suspended in this menstruum failed to convert biotin. Subsequent experiments employed the same reaction mixture with the addition of 10-3 M KH2PO4 to satisfy the requirements of the biotin-transport system (Lichstein and Waller, 1961) . Though accumulation of the vitamin was improved by the addition of phosphate, no vitamers of biotin were produced. This suggested that some component(s) of the growth medium was required for activity of the converting system. The addition of Mg and Mn (Fig. 4) These studies suggest that the initiation of biotin-converting activity is controlled in some manner by the pH of the growth menstruum.
Studies on the effect of initial biotin concentration on vitamer formation during growth revealed conversion of biotin in cultures containing 100 X 10-4,ug of biotin per ml or higher (Table 2) . Whereas the absolute amount of vitamin converted increased with the concentration of biotin in the growth medium, the percentage converted was highest at 500 X 10-9 ,ug/ml and decreased thereafter. It appeared, therefore, that biotin conversion begins when the vitamin is present at approximately 20-fold the minimal concentration required for maximal growth (5 X 10-4,ug/ml), and is most active at 100-to 200-fold this concentration. Table 3 shows the biotin-converting activity of nonproliferating cells harvested from media containing several concentrations of biotin. No activity was exhibited by cells grown at the two lowest concentrations; intermediate converting activity was obtained with cells grown at 100 X 10-4 ,ug of biotin per ml, and maximal vitamer formation was observed with cells grown at 500 to 10,000 X 10-4 ,ug/ml. These findings were, in the main, similar to those using growing cells, except that no inhibitory effect was noted at the highest concentrations.
Nature of the vitamers produced. Paper chromatography of biotin yielded two peaks of activity with both the lactobacillus and yeast assays, with RF values of 0.57 and 0.82. The lower peak corresponded to biotin-D-sulfoxide, which is Fig. 2. formed by the oxidation of biotin on the paper (Wright, Cresson, and Driscoll, 1954) . Chromatograms of 12-hr culture supernatant fluids of L. arabinosus produced two peaks of activity corresponding to biotin and the sulfoxide form (Fig. 5A) . showed two peaks at RF 0.44 and 0.94, in addition to those for biotin and biotin sulfoxide (Fig. 5B) . Thus, the presence of the vitamers in the growth medium can be detected on the chromatograms, and the negative result at 12 hr is consistent with that found in earlier experiments ( Fig. 1 and 4) .
Combination with avidin has been used to characterize vitamers of biotin (Sebrell and Harris, 1954) . The combinability with avidin of the two unknown vitamers was tested by adding sterile avidin to each assay tube after elution of the 1-cm paper sections. The tubes then received double-strength assay medium inoculated previously with the assay organism, and were inlCubated at 30 C. A growth response was found only in those tubes which contained vitamers uncombinable with avidin. It is clear (Fig. 5C ) that the peaks for biotin and the sulfoxide form, as well as that at RF 0.44, had disappeared Although the physiological significance of the converting reaction in L. arabinosus is unknown, speculations can be offered. The work of Rogers and Whittier (1928) showed that decreasing pH, as a result of the production of large amounts of organic acid, is a major factor responsible for the cessation of growth in cultures of lactic organisms. The appearance of the biotin-converting reaction is coincident with the cessation of bacterial growth, and is physiologically controlled by increasing hydrogen ion concentration of the growth medium. It is tempting, therefore, to speculate that this system plays some role in controlling cell populations in batch cultures of L. arabinosus. The converting enzymes may be one of many systems that appear only when the pH of the growth menstruum has fallen to a critical level. For example, Moat and Lichstein (1953) reported that the enzyme(s) converting pyruvate to acetoin in L. arabinosus is not formed until the growth pH reaches about 4.0.
Studies on the effect of initial biotin concentration on the degree of conversion (Tables 2  and 3 ) provide a major objection to this hypothesis. Whereas conversion was detected only when the biotin concentration in the growth mediuim reached 100 X 10-4 ,ug/ml, the extent of growth was the same at all initial levels of the vitamin in the range 5 X 10-4 to 10,000 X 10-4 ,ug/ml. If the vitamers formed play a role in controlling growth, one might expect improved growth in the cultures not containing the vitamers. It is of interest in this regard that the natural environment for L. arabinosus, namely, milk and other dairy products, normally contains much more biotin than that required for maximal growth. According to Sebrell and Harris (1954) , cow's milk contains from 160 to 1,100 X 10-4 ,ug of biotin/ml, which represents a range where good converting activity was observed in batch cultures (Table 2) . ACKNOWLEDGMENT This investigation was supported by the National Science Foundation (G-19578) 
